Abstract-Nutritional and metabolic assessment using anthropometrie, biochemical, immunological, and indirect calorimetric techniques was performecl on 17 healthy paraplegic males with a mean age of 44.2t14.6 years and mean cluration of injury of 17.8 t 12.3 years. Significant differences in energy expenditure were observed; only 29.4 percent were normometabolic [measured vesting energy expenditure: (MREE) 90-110 percent of predicted resting energy expencliture (PREE)], 35.3 percent were hypermetabolic (MREE>IIO percent of PREE) and 35.3 percent were hypometabolic (MREE<SO percent of PREE). Obesity (weight>llO percellt ideal bocly weight) was maximum in hypometabolic patients (83.3 percent) due to the imbalance between caloric inta1.1e and energy expet~diture (p<0.05). None of the patients had normal values for all four objective measurements of nutritional assessment (albumin, transferrin, total lymphocyte count, and cutaneous hypersensitivity). Mild malnutrition was evitleneetl in 41 percent of patients; 53 pereent of patients demonstrated some index of moderate malnutrition. We conclude that nutritional therapy based on measurements of energy expenditure instead of predictive equations will benefit these patients. A larger Iongterm study is needed to determine the ideal predictive measurements of nutritional assessment with their optimal cutoff values applicable to the spinal cordinjured patient.
INTRODUCTION
Spinal cord injury results in various metabolic and endocrine disorders (8) . Earlier studies (8, 10, 18, 32) demonstrated that spinal cond-injured patients have cleereased body cell mass, increased proportion of body ht, and high incidence of malnutrition. In the early period after spinal cord injury? there is a decrease in the metabolic rate that is roughly proportional to the magnitude of the "spinal shock9' (9, 31) . Because little is known about the energy needs of the chronic spinal corct-injured patient nutritional requirements are baseci on the assumption that such patients have decreased ealoric needs. The absence of data eoncerlling the nutritional and metabolic status of these patients may leati to overfeeding or underfeeding. We present data from anthropometrie, biochemical, immnologieal anci indirect calorimetric techniques in an attempt to define the nutritional and metabolic status of' the spinal eord-injured patient.
METHODS

Patient Population
Included in this study were 17 males with chronic pwaplegia who ranged in age from 27 to 75 years (mean I SD 42.8 rt 12.7' yr). Spinal cord lesions were at the level of T, to L,, with a mean duration of injury of 17.8 1 : 12.3 years (range 1.5 to 39 yr). All 17 patients had completed a rehabilitation program and were receiving a regular diet. Patients were free of severe cardiac, renal, or hepatic disease; exhibited no acute clistress; and were without large deeubitus uieers.
I1
Assessment of Nutritional and Bletabolic Status
An automated metabolic profile was used (I). Anthropometric evaluation included body weight, height, wrist circumference, and triceps skinfold. Ti-iceps skinfold was taken as the mean of three readings a"idhe back of the nondorninant arm at a point midway between the aeromial and oiecranon processes. The percentage of ideal body weight and triceps skinfold was calculated from adult standards (20, 33). Measurements of aertirn albumin and serum transferrin (derived from total iron-binding capacity) were used as an indication of v-isceral protein status. Total lymphocyte count and delayed cutaneous hypersensitivity were used to assess imrnranoeompeteney. 71veniy-four-hour urine was used to determine creatinine excretion and urinary ereatininre excretion pel-kilogram and as an index of muscle mass. The prognostic nutritional ifidex IPNI; in percent) was derived as (28) where A 1s serum albumin, TSF is triceps skinfold, TR 13 serum traasferrin, and D is delayed cutaneous hypersensitivity, Malnutrition was classified as mild, moderate, or severe based on serum albumin and transferrir, levels, total lymphocyte count, and delayed hyper-sensitivity (Table I) . Indirect calorimetric techniques using the rne"iabulic measuremel-it cart (30) were used to determine resting energy expenditure. Neasuren~ents were done more than 2 hours after a morning or after~~oon meal using a nonrebreathmg valve mouthpiece and nose clip. The abbreviated Weir f o r m l a (36) was used to calculate the resting energy expenditure from a mean of four or five f-minute measurements obtained after steady-state conditions. The predicted resting energy expenditure (PREE) was calculated using the formula of A registered dietician determined the total daily calorie and protein intake, and a 24-hour record of diet was maintained.
Statistical analysis.
A one-way analysis of variance was used and. differences between sample g o u p s were established using the f test. Differences were considered significant at a level of p<0.05. " One percent predicted resting energy expenditure (PREE). ? One-way analysis of variance showed no statistically significant differences among metabolic groups. $ NormalL-2 or more positive responses; relatively anergic = 1 positive response; anergic = no positive response.
RESULTS
3 Difference between hypometabolic and hypermetabolic significant at ~-4.05.
to 13 mm (45 to 272 percent; 50th percentile of ideal TSF). No significant statistical differences were observed among the groups due to this wide range. In general, however, hypermetabolic patients had lower TSF measurement than hypometabolic and normometabolic patients.
Fifteen of seventeen patients (88 percent) had serum albumin levels greater than 3.5 p / d L and only two patients had mildly decreased levels (3.3 gm/dL and 3.4 gm/dL, respectively). Six patients had serum transferrin values between 150 and 175 mg/dl, and three had moderately decreased levels of serum transferrin (between 100 and 150 mgldL).
Immunocompetency, as determined by total lymphocyte count, revealed that only six patients (35 percent) had counts over 2000/mm3. Nine patients had counts between 1200 and 2000/mm3, and only two patients had counts between 800 and 1200/mm3 (i. e., moderate immunodefieieney). Similarly, there was an extremely variable response to skin test antigens. Only three patients (17.6 percent) had a normal response; seven patients (41.2 percent) were relatively anergic, whereas the remaining seven were anergic.
Nutritional status assessment using serum albumin (>3.5 gmidL), serum transferrin (>I75 mgidL), total lymphocyte count (>2, 000/mm3) and skin test reactivity revealed that, although mean values (Table 1) were normal for serum albumin, serum transferrin and lymphocyte count, none of the patients were normal for all four parameters. Three patients (18 percent) had three normal values, eight patients (47 percent) had two normal values, and six patients (35 percent) had only one of four normal values. Therefore, eight patients (47 percent) had evidence of mild malnutrition and nine (53 percent) demonstrated a degree of moderate malnutrition. However, as shown in Table 2 , there were no significant ctifferences among the metabolic groups with respect to sel-um albumin, serum transferrin, total lymphocyte count, and delayed cutaneous hypersensitivity
The mean MREE was similar to PREE, 102. were normalized to kilogram body weight, body surface area, or metabolic body size, the observed differences in the different metabolic groups became increasingly significant (Table 3) .
Studies on hospitalized patients (26, 28) show that both malnutrition and obesity contribute to an increased incidence of morbidity and mortality Inadequate nutrition has been shown to be a significant factor in the development of acquired immune deficiencies (23), defective wound healing (II), deeubitus ulcer formation (271, cardiac (35) and respiratory insufficiency (21, and infectious complications (29) . Similarly, nutritional status may be related to the morbidity associated with spinal cord-injured patients. A majority of paraplegic patients have been noted to have some degree of nutritional risk and albumin and hematoerit levels at the lower limits of normal (3, 32) . Althougll objective evidence of severe malnutrition was lacking in our study, all patients were abnormal in terms of the four nutritional assessment parameters; they exhibited mild to moderate malnutl-ltion.
No single test used in the present study defined the nutritional status of a patient. Although serum albumin determinations are routinely used in most hospitals as an illdieator of nutritional and visceral protein status, their usefulness has been shown to be limited (16). 111 Peiffer's study (321, although none of the paraplegics examinecl had serum albumin levels less than 3.0 gmldl, only a small minority of their patients were normal when a series of parameters were evaluated. Greenuray and coworkers (18) also found normal serum albumin Ievels in paraplegics. All our patients had serum albumin levels greater than 3.0 gm/dL with 88 percent having levels above 3.5 gm/dL. In contrast, serum transferrin levels, a more sensitive indicator, were greater than 175 mgldL in only eight patients.
Results of the immunological assessment were variable. It has been shown that in many patients, the competel~ce of the immune system is clearly related to the nutritional status (23) ; no studies have been done on the immunological competence of the spinal cord-injured patient. It has also been found that paraplegics and ywzadri-piegics have a fivehid increase In healing complications of wounds below the level of injury (5) . Systemic factors such as low serum albumm, anemia, and hypoxia did not appear to he causative agents, as healing complications occurred only below the level of spinal injury? and no patients were described as grossly malnourished. Similarly, none of our patients displayed evidence of gross malnutrition, although all were mildly to moderately malnourishecl and a large majority (82 percent) u7ere immunodeficient. Therefore, immunoeompetence may play a role in spinal cord-injured-patient morbidity It remains to be determined, however, whether paralysis has an impact on the level of irnmunocompetenee as well as the patient's llutritional status.
It is readily apparent that a single test Is of minimal value in nutritional assessment, The PNI advocated by Muller and coworkers (28) has been shown to have a higher "predicdive value9' than individual measurenlents of serum albumin and transfernn levels, delayed cutaneous hypersensitivity, and anthropometry (12). Ten of the patients (58.8 percent) in our study had a PNI score greater than 40 (Detsky's high-low risk cutofo, which confirms the prevalence of malnutrition among spinal cord-injured patients.
lih.enty-foulchour urinary ereatinine excretion is a simple index of muscle mass, and although it was reduced In our patients, there were no significant differences among the three rnetabolie groups. Cordus and others (10) have also shown that compared with subjects witbout ciisabiiities, urinary ereatinine excretion is ctecreasecl in subjects with paraplegia. Although rnuscuiar paralysis does decrease muscle mass, it is nohapparent whether muscle e m is influenced by nutri"cona1 status.
The present study indicates that individuals with paraplegia have a tendency toward increased body weight. Obesity and toss of weight are the result of an imbalance between calorie intake and energy output. Contrary to general belief, paraplegics do not have uniformly reduced e n e r a needs; they exhibit significant differences in body weight. Although calorie intake of the three metabolic groups was identical, none of the patients in the hg~permetaboiic group was overweight since calorie intake was identical to measured energy expenditure. In contrast, the hypornetabolric patients were consuming significantly more calories than were expended (pC0.05) and were therefore predisposed to obesit3 M e r the i~t i a l might loss that occurs in the first 3 to 4 months after spinal cord injury, there is very little change in the weight of paraplegics; weight changes seen in individual patients are correlated to changes in fat content (10) . Similar-135 if calorie intake is restricted in the hypermetabolic patients, these patients sill be at high risk of beeonling malnourished. Obesity further eornpromises the management of spinal cord-ir?jmred patients and causes an increased frequency of clinicai diabetes, hypertension, artenoselerosis, osteoarthritis, gall bladder disease, reduced left ventricular contractilit;?i, left ventricular dysfunction, ventilatiortiperfusion in-equalities, postoperative complications, and morprevented by a more precise definition of their catality (25, 34) . Excessive weight aciditionally loric requiren~ents, discourages proper turning of the patient and an inability to fit them into armchairs.
The PREE of patients in our. study was not CoNcLUSIBN significantly different betu7ee11 the various metabolic groups. In individuals without disabilities, the Hal-ris-Benedict equation has been shown to precisely predict energy expenditure (6, 24) . Our study is in agreement with the work of others (14, 15, 22) , indicating that the Harris-Benedict equation cannot "n accurately applied to individuals with abnormal body composition or in presence of pathology and cannot be used for estimating the calorie needs of individuals with paraplegia. Clinical stuc-lies in surgical patients have documented that when nutritional replacements are based on indirect calorimetry, positive nitrogen balance is easily achieved, weight loss is prevented, and patients generally do well (4, 17) . Problems associated with overfeeding and underfeeding of spinal cord-injured patients can be Nutritional and metabolic assessment is primarily important both in identifying patients with clinical and subclinicai malnutrition who are prone to nutrition-associated complications and in providing widelines for nutritional intervention. Further long-term studies are needed in spilial eord-injured patients to determine which of the currently available parameters of nutritional and immunological assessment are useful in preclicting clinical outcome. Additionally, standarcls established for subjects without disabilities may not apply to the spinal cord-injured patient. Optimal cutoff values for eaeh of the nutritional assessment indices need to be determined; until then, results should be interpreted with caution. 
